Abstract-We report the synthesis and biological applications of
. Schiff bases derived from aromatic rings have attracted researchers' world round because of their multifaceted properties. Schiff bases find use in pharmacy as antimicrobial agents [3] , in chemistry as dyes, catalysts and anti-corrosive materials [4] [5] , in physics as image contrast enhancing agents [6] . Schiff bases compounds have been synthesized from various heterocyclic and homocyclic aromatic amines and carbonyls yielding different products with diversified functionalities. Schiff bases derived from amino acids have also been studied [7] [8] but to a lesser extent with regard to amino acids derivatives.
Tryptamine, a derivative of tryptophan amino acid has recently attracted the attention of many researchers because of it biological importance and its ease formation [9] . Tryptamine is the product of the enzymatic and/or chemical decarboxylation of tryptophan [10] . This molecule is generally found in large genome organisms such as plants, animals and also in fungi. In mammals they are found in trace amount and acts as receptors in the central nervous system [11] . Tryptamine has also been reported as inhibitor of dopamine metabolic pathway [12] . Generally inhibitors of enzymes operate by making use of specific functional groups or moieties present at their active side. These can be heterocyclic ring compounds with indole structure, amino acids, etc. Many natural occurring compound with pharmacological properties contain an indole scaffold [13] . Tryptamine is an indole-containing compound (3-(2-aminoethyl)indole) with an extended ethylamine side chain which makes tryptamine an important chelating moiety in coordination chemistry [14] . This molecule has been involved in the formulation of various metal-based complexes with antibacterial activities [15] [16] [17] with limited information on other human pathogens such parasites and viruses. This paper, report the successful synthesis, and characterization of novel Schiff bases derived from tryptamine, followed by their fungicidal and bactericidal property.
II. MATERIAL AND METHODS

A. Material
Analytical grade chemicals used in this study were purchased from Sigma-Aldrich South Africa and the microorganisms were bought from Davies diagnostics South Africa. These consumables were used without modifications.
B. Experimental Measurements
All novels Schiff bases were ultraviolet (UV) characterized by optical measurements on a UV-2540 Shimadzu UV-VIS spectrophotometry. The optical density of each compound was 
C. Synthesis of Schiff Base Compounds
All Schiff bases were synthesized following the procedure recorded by Yousif et al. [18] . An equimolar of tryptamine (0.3g:1.87mmol) in ethanol was refluxed with the corresponding aldehydes and ketones for 4 hours (Scheme 1). The solution obtained was allowed to seat in a fume hood which results in the formation of precipitates. The excess solvent was drained and the products were washed with methanol and kept from moisture in a desiccator. The lipophilicity of each Schiff bases ligand was obtained on ChemDraw Ultra 7.0. 
4-{[2-(1H-Indol-3-yl)-ethylimino]-methyl}-3-Methoxy-Phenol
D. Fungicidal Assay
The synthesized Schiff bases ligands (3a-f) were evaluated for their ability to kill fungi against 5 Aspergillus strains (Aspergillus flavus (AFL), A. fumigatus (AFU), A. niger (ANI), A. parasiticus (APA), A. carbonarius (ACA) and 2 Fusarium strains (F. proliferatum (FPR) and F. verticillioides (FVE)) following standard M38 method [19] . Fresh fungal spores in ringer solution were obtained from seven days old fungi grew on potatoes dextrose agar (PDA). The suspension was then diluted in RPMI 1640 to a working solution of 1 x 10 4 spores/mL. In a 96-well plate, 1 mg/mL (100 µL) of each test materials were serially diluted in RPMI 1640 following the microdilution method to the concentrations of 500, 250, 125, 62.5, 31.5, 15.6, 7.8 µg/mL. To these solutions, 100 µL of the inoculum prepared was seeded and the plates were incubated at 37 °C for 72 hours. Positive controls amphotericin B and nystatin were used alongside and inoculated for the same time period. The number of fungi that survived the test compounds following exposure was measured using resazurin dye and compared with standard drugs. In the presence of viable cells resazurin salt (blue) is converted enzymatically into resoforin compound that fluoresces pink. The smallest concentrations that failed to convert the blue dye into a pink were recorded as the minimum fungicidal concentrations.
E. Bactericidal Assay
Fourteen pathogenic strains of bacteria including Gram positive: Bacillus cereus (BC) (ATCC10876), B subtilis (BS) (ATCC19659), Enterococcus faecalis (EF) (ATCC13047), Mycobacterium smegmatis (MS) (MC2155), Staphylococcus epidermidis (SE) (ATCC14990) and S aureus (SA) (ATCC25923) and Gram negative: Enterobacter cloacae (ECL) (ATCC13047), Escherischia coli (EC) (ATCC25922), Enterobacter aerogenes, (EA) (ATCC13048), Proteus vulgaris (PV) (ATCC6380), Klebsiella oxytoca (KO) (ATCC8724), K. pneumonia (KP) (ATCC13882), Proteus mirabilis (PM) (ATCC7002) and Pseudomonas aeruginosa (PA) (ATCC27853) were used to screen for the bactericidal properties of Schiff bases ligands (3a-f). The same standard M38 procedure was followed. Standard microbiology conditions were adopted to obtain 1.5 x 10 6 cfu bacteria corresponding to the 0.5 McFarland standards in Muller Hilton broth. In a 96-well plate, 100 µL of each prepared concentrations 500, 250, 125, 62.5, 31.5, 15.6, 7.8 µg/mL of test compounds were inoculated with 1000 µL of microorganism and incubated at 37 ˚C for 24 hours. The total number of bacteria that resists ligands exposure was measured in the presence of resazurin. The small concentration that kills the pathogen was considered as the minimum inhibitory 
A. Spectroscopy Data
All synthesized Schiff based compounds were dissolved in DMSO and their spectroscopy absorptions were recorded between 200 -600 nm. They showed absorption bands in the low UV range between 200 -300 nm characteristic of the π----π* and n----π*transitions. Two bands were seen with compound 3a at 238 and 294 nm while a single band was observed in compound 3b at 236 nm. The π----π* transition bands are seen at 238 and 236 nm in compound 3a and compound 3b respectively The additional absorption band at 294 nm seen in compound 3a is assigned to n----π* transition. These optical density measurements are indicative of the aromatic and C=N groups.
B. Fourier Transform Infrared
Other spectroscopy methods used to elucidate the structure of the prepared compounds include analyzing the FTIR spectra recorded. The spectra recorded indicated the disappearance of absorption bands characteristic of the primary amine (-NH 2 ) and (-C=O) in the far and middle infrared regions as expected. A strong signal appeared common to both compounds around 1600 -1670 nm and was assigned to carbon-nitrogen double vibration mode which confirms the successful condensation of the desired products [20] . Signal vibrations characteristic of (C-H) stretching modes were observed between 2950 -3000 cm -1 and the (C-N) modes of the compounds are seen at 1100 cm -1 . The -OH absorption band of the phenolic moiety was observed in the studied compounds.
C. Elemental Analysis
The elemental composition of the synthesized Schiff bases was determined theoretically and experimentally. The results obtained in both cases are in agreement each other with ± 0.5 unit difference and satisfied our expectations.
D. Nuclear Magnetic Resonance 1 H and
13 C NMR analysis were used to confirm the structure of the synthesized Schiff base materials. All powdered compounds were suspended in d DMSO chemical shift (δ) were obtained with reference to tetramethylsilane (TMS). Data obtained from 1 H NMR spectra showed a single peak at δ = 8.25 and 8.34 ppm assigned to C=N-H for compound 3a and 3b respectively. At δ = 6-7.7 ppm, aromatic protons appeared as singlet, doublet and multiplet signals with a coupling constant J = 8 Hz. The phenolic protons appeared above δ = 10 ppm precisely at 10.80 and 10.76 ppm respectively. In 
E. Fungicidal Property
The ability of the Schiff bases to induced fungal cells death was assessed by inoculating the test compounds against seven fungal strains. All microorganisms tested were very sensitive to the Schiff bases prepared. Their activities are very comparable to those of amphotericin B and nystatin (TABLE II) . Compound 3a is seen to be more potent against Aspergillus carbonarius compared to amphotericin B as it exhibited an MFC of 15.6 µg/mL against 126 µg/ml noted for amphotericin B. The responses of other fungi to compound 3a were almost if not the same as the commercial drugs used as standards. Compound 3b shows stronger and broader spectrum activity than compound 3a. It induced cells death in Aspergillus carbonarius, A. niger, and Fusarium verticillioides at a minimum concentration of 7.8 µg/mL meanwhile amphotericin B induced it at an MFC of 125, 16 and 16 µg/mL and nystatin did it at 8, 62 and 8 µg/mL for the same fungi respectively. These therefore show that compound 3b is 16, 7 and 2 times more potent than the commercials drugs studied. Compounds 3a and 3b are structurally related and differ only at R 1 where -OH (3a) is replaced by -OCH 3 (3b). This difference has brought remarkable change in the compound's properties and increased it biological significance. It therefore appeal that in drugs design and development consideration to the ortho and para substitution of aromatic Schiff base compounds are highly advised and agreed with the finding of [21] . 
F. Bactericidal Property
Assessing the bactericidal property of the synthesized Schiff bases, the smallest concentration that inhibited the enzymatic activity of life cells in the presence of resazurin was determined by microdilution method and compared with standard drugs streptomycin and nalidixic acid ran together. All the tested bacteria were affected by the Schiff base compounds (TABLE  III) . The test compounds caused harm to bacterial cells leading to death in a concentration dependent manner. The activity of test compounds was comparable to the standards and range from moderated to high potency. The toxicity of test materials to gram positive bacteria was greater than it was in gam negative bacteria. Both ligands exhibited minimum inhibitory concentrations of 7.8 and 15.6 µg/mL against Staphylococcus epidermidis, Escherichia coli and Klebsiella oxytoca as such, they are more potent than streptomycin and nalidixic acid. Gram-negative bacteria Enterobacter cloacae and Proteus mirabilis developed more resistance against test compounds compared to gram positive bacteria. These observations are the result of the absence of an outer coat protecting the thin layer of peptidoglycans making the cell membrane. The absence of a protective coat at the surface of bacteria cellular membrane as is the case with Gram __ bacteria exposes the cellular membrane to external alterations and damages leading to dead. Considering the significance of these compounds they promise to be good antimicrobial agents.
IV. CONCLUSION
Two novel Schiff base ligands derived from tryptamine were successfully synthesized in hot ethanol. The compounds were characterized using UV-VIS, Fourier transform infrared, followed by 1 H and 13 C NMR. Biological applications of the compounds revealed that the ligands have greater and better antifungal and antibacterial activities than commercial drugs used as standards. Structure-activity relation (SAR) showed that ortho and para-substitutions of aromatic Schiff base compounds induced changes in ligand properties and increased the pharmacological impact. We believe this paper will promote the search for novel antibiotic agents to mitigate the burden of microbial current drugs resistance. In addition, it will also serve a guide in drugs discovery.
